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(57)Abstract: 

PROBLEM TO BE SOLVED: To lessen an FET with a metal gate in 
threshold voltage and to restrain its power consumption. 
SOLUTION: An NMOSFET is equipped with an Si-Ge layer 12 
sandwiched in between N+ drain/source diffusion layers 1 1 formed inside 
an Si substrate 10. A tensile strain Si channel layer 13 is formed on the 
surface of the Si-Ge layer 12. An Al gate electrode 17 is formed on the 
tensile strain Si channel layer 13 through the intermediary of a Ta205 
layer 15 and a TiN layer 16. A PMOSFET is equipped with a compressive 
strain Si-Ge channel layer 19 which is sandwiched in between P+ 
drain/source diffusion layers 18 is formed on the surface of the Si 
substrate 10. An Al gate electrode 17 is formed on the surface of the P+ 
diffusion layer 18 through the intermediary of a Ta205 layer 15 and a TiN 
layer 16. 
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(57) [Btil 

[#P&^&] NMOSFETtt, S iS'«l 0<Ort«»C 

1 Ci$nt S i - G e 1 1 2 «^$ntt^o Si 
-Gell 2©*ffiKtt5l-3«0ffi*S i ft^Hl 

±t:Ta 2 0 5 ll 5XtfT i Nil 6^LTA 1 
-MI17«^tlTl^ 0 PMOSFETttSi 
S« 1 0 <7)gtffiJc h7>yX^©V-XX« H V<i >T 
$>£p + JESJf 1 8fcftSftTffl«£#.S i-Geft 

tC, TajOillsatfTiNlHt^TAiy 
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y'J3>Sfil:NMOSFET(hPMOS 

FETt^»asn&***8icfi^ 

ffffSNMOS FETS^PMOS FET©y- h««tt 

HUS2NMOS FETMPMOS FET^ftWI 
<DSffi<g«<B*J>ft < t fc— BBtd Si-Ge B*«»J*S 
fU B93BNMOS FET^^^^JUJiOGeJRS^SIHS 
PMO S FETOftWIOG e»KcfcO fcffi^di: 

[gS*3B2] MfiNMOSFET<D^**;Wifc:ttS i 
-GeJB±<03lo3BB2*S il^ffl^bn, MIBPM 
OSFET(Oft^HWiS i -Gei*5«^5ftT 

[«f#S3] v U 3 >S«f:NMO S F E T^w^n 

fufSNMO S F E Toy- MI^S^f4t«$ 
n, ^^;i/Jf fcS i -Ge Jl±<Z)5lo3BOai^S i M 

C»*ffl4 3 j»E3/U3>i«a«SO I*«T*0, tu 
IBMOS FET0ft*MOG eBSttafiSHMO S F 
E T CD 7 - X 0) G e MS. cfc D feffi ^ £ £ ;«:*#« i T £fit 
1 Xtt 3 

[»*S5] <>U3>Ifi±l:»«SnfcNMOSFE 
TtPMOSFE T©f Wn<Dy- J5E®*l:, ¥ 

WE^S — hSVX^CPMOS FETS^NMO 

sfe T»©as«iBi:*n*ni#!»i:T««s:aA 

mifBNMO SFE TgBfflcOBufBP^ P«fc«Hi-r*ttB>' 
U 3 >S«£»J?«H;:G e Sr^A LT!^Sffic7)«® 

1 CDS i -GeI±t:?b?HMS i JfSrflgjSU 
iEPMOS FETBKfflcDWEBBPfflf-SUi'rSHlirE^ 

2 CDS i - GelSMtSIii:, 

Xg£, 

WEIHPa8rt^ftJH*r»*63ttSy- 
[«#«6] SffitcS i -Gei^ny'J3>S« 
iE^5-y-h*VXi7f:PMOSFETS5(!:NMO 



3J£ifc/f £^/£T£XSch. 

ME v U ^ >*1SXcDBuf2^^ -y- h ct 5 (c, 

lltE»MtiZ)*BS:l**"r*i:*C WE^S-y-h 
£Sttl£i*£XfS<>:\ 

M E N M O S F E T ffiftl <D ffi f 5 M P SB fc: H ffif * Ml 5 S 
i "GeI±i:IS«{:yU3>i^Mt^Ii(i:, 
HfrEWP«G>ji£8l5K:y— htt»K**ricT*XS4:. 
WEWP«rtKA«»»^636:*y- hti*»*T5 

[0 0 0 1 ] 

jftLTll^SSDS^S i KlJEEtllS*S i -Ge 

[0 0 0 2] 

[0003] y->«ttfc**;uy- b&m^ 

■583nT^*. CMOSFETI^^J^htri 

t^Wlt^ntl^ (A. Chatterjee et al. , IEDM Tec 
h. Dig. , (1997), p. 821) . C^T^^-y- h7DtX 

itt, #*y- h*»fiE-r*««ft:, ^£>y^-<z>y- 

[0 0 0 4] ccoSWtcfi. *^y-h<BttWl»<B 
h 7 > z/7 9 <D L ^ mB«/£ ^rl^S L K < ^ £ ^ 
3BHjS*<»-dZS:. Mx.H y— hWKKT i NSrffll* 
St, tt*l««*tt4. 3-4. 6eVfcfc?K 
Po 1 y-S ifffi(D«^J:0t)Uf 1/^0. 4~ 
0. 5 ViS**<&oTLS5 tV^-5R3S^»ofco 

[0 0 0 5] Sfc, ftT>;H^t'J7ilS^l^l± 
S-fr£fc«K N-MOS h^>> ? X^<D^^^;l/gfC« 
S i -Gel±0?hI«9MS i S (SISOJfcrtT) 

&TcP -MOS h7>z/7?0^^*)im\Z\ZJ£m 
S^S i-Gel (JXSSf&^T) Sffl^5S***«»3 
*lTt>5 (K. Ismail, "Si/S i-Ge High-Speed Field 
-Effect Transistors". IEDM Tech. Dig. , (1995), p. 50 
9) o 3lo319M<^S i mXteE-MMfrS i -Gei^ 
MOS h^>vX^cD^^^^Jf^ffi^^^ttCcto 



(3) 
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i 1 (n?**;Hi) £J±m&^S i -Gel (p^r 

d: ©fi*^f t l tm $ c m o 

■5IBH***o*:. £fz, S i - GeiMPtC, jftffi^ 
Mxmzm-tfzZb, Si-Gei^7^7hf^G 
e<0Segregation**fE£U y- h»JE**#{fc-r*<fc^ 

[0 0 0 7 ] Sfcctd^T, SOlSfi±TMOSFE 

i -Ge*r»T«dELT^*JHi (Si) ckDfcA> 
K**y!/*/]v£< U IEJL£V-;*«K:9IStt<#ffi 
**tt36StlT^-6 (Akira Nishiyama et al. . "Formatio 
n of S i - Ge source/Drain using Ge implatation 
for floating-body effect resistant SOI MOSFETs", Jp 
n. J. Appl. Phys. Vol. 35 (1996) pp. 954-959. Part I, No. 2B. F 
ebrualy 1996) . 

[0008] z<dJj&t*\x, ^**)im 

[0 0 0 9] 

h Ufc F E T fctt, L #lr < & Q * 

feofco Si-GeI±CM$nf^bIDI 
*S ii6?t*;Htt5NMOSFETtE«i* 
S i -Gei^t^JHWPMOSFET^ 
BE* ftfe CMO S F E T *Mt 4 ^ i*H)lt?»-5 t 

[0 0 10] SO I*«±lC^/&;*ftjfcFET<B 

*S»^**»llil'r*fca&feV--X««ftS i-Ge 

O /to 

[0 0 11] *5BW<DBWtt, ^^JVy— hftffl^fcC 
■MOSFET©Lt^««E*fiTSt, 
<Dfa± Utf-Kcoft±) tH0»**»#8«»«-t 

[0 0 12] *mW(Dm(DBMte, ?lo?SDS^ 

S il^^t^iHil-^NMOSFET^Ell^S 
i - GeI^t^H<ht§PMOSFET<h« 
SftfcCMO S F E T£§gK^/£U#5*«#&fi<B 



Mig* r£ & JfttT £ c t K $> £ . 

[0 0 1 3] Sfc, #38W<B#J(0Btttt^ SOIlii 

{ - jgdE $ n fz f e t cd ie jl <d & m m <d [fii ± t m s % £s 

[0 0 14] 

[ms«f*T5fc6<0?H:] [«J«] #3B.0itt* ±IS 

(l) #3fiW y'Jn> 
SStCNMOS FETiPMOSFETth^M^tlfc 
¥##S«Kfe^T, iENMOSFETStfPMOS 
F E T©y- hf i^itfWT#tflc$*l, mfJSNMO 
SFE TR^PMOS F E T(O#^**;WB0)«ffi»« 
a&KlS i-Gei«$n, tuffiNM 
OS F ETGD^*;UJItf)G eftg^mSrfBPMOS F E 
TO^ir*JP»OGe»«J:0«)filr^4:tW«4:"r 

[0 0 15] *589itt, WENMOSFET<05 : t*;i' 
JftCttS i -G em±O)5\r>W0&&S iM^b 
n, MIHPMOS FET0ft*JHl:liS i -Gel 

[0016] ( 2 ) 3 ) <D*m»S£w 

\t, y U 3 >SfiCNMO SFE T^M*nfc¥»ft 
SStC&^T, iBNMO S F E T®y- hffitt^l 
*r»T«fiKSn, ^t^JUCS i -Gejf ±C03l-^3fi 

[0017] *^H^ (B»*3g 1 , 3 ) ime^u a > 
Ifi^SOlSfit'»D, iEMOSFETODft*^ 
B©G eig^titalfiMOS FET©y-70Ge»S<t 

[0018] ( 3 ) *5BgH 5 ) ¥##:^ec0SS 

mumz. -> u a >i«±i:igfi)tsnfcNMo s f e t 
t p mo s f e T^tn^y- 

CPMOS FETgRiNMOS F E TffiO*«*ffifc-t 

*s**«ffl-r« m nffl*mzm&mzMf$,-? sum 

WIBNMO SFE T««©«HBBa«K:«Hi"r*lttE-> 

tr>fc«Wfci61<DS i - GeHft»j*-r*HtfcJ:0« 
1 co S i — G e i±{:?hI0I^S i B£»J58U ffi 
f a P M O S F E T SB ffl co M IB M □ SB f C S Hi f £ hu 8 2 > U 
3 >SiflMMt:G e * iSA LT-«fi(?)$Illi 2 

co s i -g em&j&fli-Tzxmt* WEsa-rs^un 
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[0019] (4) (»*3B6) #iftgiois 

&JimZ. ^ffiKS i -Ge|S:tt5y , J3>Sfi± 
fc, ^-y-h^M1-^lSt, ftufS^-y-h 
^YX^CPMO S FETgfiNMO S F E Tg|5(DS« 
«Bi:f«^ni«»l:^k«6ffiAL, Jp^-f £ ;i <h 

MOSFET^ffliJCDMfeMPSBfCStb-r^BUfBS i-G 

[0 0 2 0] [flUfl] *5Ei»tt, ±fBfi§fiEfCcfcoT«T 
cof^ffi • M^tt^o FET©y—h«« 
T«/£U S F E TOft *JH©G e IS 

$PMOSFETcJ:DI<1-|)^i:t, NMOSFET 

iJl/= U^)l/t<Dm, PMO S F ET©ft*;H©A 

(t i n> y-hCMos byyz/T.z&mmtmmy 

[0 0 2 1 ] NMOS, PMOSmJjthlZ^PJl (T 

i n) y- h*rfi^L*^«MiaE© h7>yx^m 

i:^aTff-5o NMOS, PMOSMJt^WtUT 

~5{g, iE?LT4-6«<Z)»»«***ST€rSo 
[0 0 2 2] ;*^;py-h£ffll>*fc«>, y-h©S2 

ft*&<*awtty-h«»iiiJPs*<T**. £fcy 

ftT#£o tEZiZ^tc. NMOSy-h, PMOSy- 
[0 0 2 3 ] ^^-y-h^Dir^^S i (DIW^> 

if) tPMOS'ft^B WUHSi-Gel) (7) 

[0 0 2 4] ^a-y- h^Pt7Sffl^5Cif:io 
T\ Si-GeftWiM, 6 0 O^WXcDiSfi 
xe£fc<T£i*<^fiEK:£D* Si-Ge/SiM 
(0^X7^7 hlsWGe ^Segregation *t«iJ>U y 

[0 0 2 5] SO I*«fc«ri6StiaFET»C*^T, 



t*iHT»S i-Ge| (V-Xifi^) 
[0 0 2 6] 

[0027] r^jfijgffi] b i tt, *3SiJi<&JB i m 

WlMti^CMO S F E T<0«j££*T»ffi0T& 
£ 0 CMOSFET©NMOS»M(:^^T 
KITT^o S i I£l OOrtBBK h7>yX^©V-7 
XttKW >"C**n + ffifKA 1 1 l:»iftTS i -G 
eil2»^ntt^. S i-Geil20gBC 
tt3lo510S^S i ^«v^Jl/H 1 3«$tlTt^, 
n^ffiill 1<£>«®{C, 5I^3B92*S 
1 3±fdBH?LBPS:*-rsS iO z »»I14A«Sn 

A 1 y- h«S 1 7 **ffl»i&*»/SSnT^<5. 
[0 0 2 8] CMOSFETCOPMOSFET® 

(Dmrnz-D^xmrn-tz* s i *«i o^sk: 

V7»9<bV— 7,X\Z K l/-f >T*S P + ffiifcB 1 8 (Cft 
SflXEEffi'^S i -Ge^t^Hl 9*«$nx 
p^iil 8(DB:ffilZ. K.mm^S i -Gef 
Y*;WI1 9±{CP^7L3E£WT£S i 0 2 »I1 4# 

M$nxt^ 0 s i o 2 mmm 1 4<om : fLffl<DisM&' 

MBCfioT, Ta 2 0 5 1 1 5M'TiNH6^ 

wsfcfWBsnT^a. fix, mtlwka i y— k«« 

[0 0 2 9] HTy-h*HB[(!:ft^»»©ttW 
mM^A^>H^^^7 P fii^llI2 tC^UfCo E vac teJt^ 

u^;k e c »ae»#u^;k EvBffim^ffiFu^u, 

E f ^^x;U^ WOl<DX.*)l<3f— X?&£ 0 E vac chE 
f ©x^;u*— WBI**fl:*IW»-C»S. H 2 

T i ncd"7^;u^ l/^;wiyU a>coA> 

IffilXTiNy-hSfflWcS^ NMOS, PMO 
SM*©h7>^^©LS^#'J 5/U3>y— h 
^^1^0t)*t< (0. 4-0. 5VS««tt 

[0 0 3 0 ] dtUC^fLX, NMOSI:*^X/*;i/ 
(Al/Ti N) y- hi5lo5BOS*S i 7**)Vm 

zmmis. PMoscfe^x/^ (a i /t i n> y 
- htj±mmzhs i -g eft*;nss»tftii n 

MOS, PMOS ifc*CL*^ft«JE*ffi» (—0. 2 
V8KRT) CIIl^t</^o 
[0 0 3 1 ] ^I4^@3, 4Sffl^TBlWrs. 0 
3, 4fct, H2lC^Lfc»»*y-htt*«*^LT» 
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£#ffiififlWD/t> NMO S CO^Tl 

TtKo fi£*te03 (a) fc«*\fc3IC* p^Si±(C 

^*;UJI«ffiT©A>Kft*«>9«3W«AttO. 8eVg 
ffifg£T£o piSiiCTiNy-h^i 
Ji£T3<h> 03 (b) \Z^TXo\Z^^^)im^"C<D 
A>FWDi^0. 3eV8S(:ft5o Lfc^T, 

03 (a) O«^ct0t)H3 (b) ©WLS^«*E 
**0. 5Vgg±#LTLS^ 0 :nWtlT, 03 

(c) tzTfkT&oiz., vm^^m^m^s i^-^^jim 

±\ZT i Ny-h^Mt^ii n> KWDI^O. 

4 6 eV8*K&*&»* B3 (b) ©«^J:0ttb# 

[0 0 3 2] PMOSCO^TlTl'Ko 
0 4 (a) £^±5^ nSSi±[:p + #'JyU3 

(DA>Hfl^DM0. 8 e VfM]Sfg£-r3o ill 3 
nISi±HTiNif-h$:Mn(h, 04 
(b) \Z^-?£o\z3 L **)Vm : &m^<Drt> Kfl**D* 
7^0. 5eVgSl:&§o U:^T, 14 (a) <D« 
^J;0fci4 (b) <D#rt*L€r^««Ej&*0. 3~0. 

[0 0 3 3] ^ftKWLT, 04 (c) K^-TiSfc, 
nSffiffiS^S i -Geff^;H±CT i N^-hS 

5 e veaET»S*^ S i - Ge0A*>F^t7^ 
0. 8eVt*SV)fc», 04 (b) <&»£cfc9t>L€? 
^ffift/h£<T*£3 (*<fc:b"f*>fcS i - G e 0V\*> K 

^atft^nasei^M^n^) . L&a^>T\ n 

MO S £31^31 0 i ^*;WIft* PMOSCE 

[0 0 3 4] jI^£>S i ^**;UJi-TL£V>fltaffifti£- 

tf&SfcH. HP'S, ^a-h^^^KW^UKS^ 
«6Mft*;HMOSFETiiSl:ftoTl/S5C 

[0 0 3 5 ] m^(DS i ^*;M/JiTL#HiI«flEftffi 

ifi^\ IftM^t^SMOS FET^igtC&oTL 

[0 0 3 6] 01l:SLfcCMOSFETOl* 
MMLfcCMO S F E T(DM&Xm$:WlWir %J 
85-1011 *5fiW<0* 1 

[0 0 3 7 ] 0 5 (a) K:«"TJ:5K:, ^Jx-^ffi 



Jfi(lOO) U 3 >*tE 1 oic, m^gi 

fiaOyU3>iffil 0«ffifCr^^2 0 OnmlS^i 
ft#J«U •{^Tj»«ftJI ft 

A tf T EOS ^Ktl^ bfi:^>S^MiI 2 
2 ftffl^&tr^chtC^D* hU>~P#g| (ST I : Shal 
low Trench Isolation) ^Mt§o ^utMTSn 
tf»)i;Wt*iH»i4fflo^ *>i£AftfTfc^ * 

[0 0 3 8 ] 05 (b) f;:^;T<£5JC, ^5 — 

y-M**4£LT* LPCVDffiCJ:D*iJ'>U3>i 
2 4&tfy'j3>Ml2 5 1 5 0 nm 

(c) 3tU V^57>f *fct4EB»Hfc 

/S*->ft*JGfcU l/y7 h/^->^7X^t:R I E 

5M^UyU3>l2 4^X7f>^iSl, l^A 

[0 0 3 9] 05 (d) K^Tci;?^ Hft^Yt: 

{CckO. 6 n miSOtftR 2 6 ft # >J U 3 >i 2 4 
0Mfflfc*fifc-r*." MTttNMO S FETSfih 

PMOS F ETgK£ft#ttT0^-T£o Sfct^T, 06 

(e) lC3Sir«k3K:* NMOSSS«PMQS8fc, * 
n-?n^^>aAtCJ:Dn-ffiffi:lg2 7, p-ffii!2 
8«»J«-r«. n-tt«l2 7 0»«*tttt«AaAs . 
-f:*>ftinji«JEl 5'ke VH-X13X 1 0 I4 cm-2 
gKTflTS&tr. p-MI2 8©M*fttl 
GeftJnjg^EEl 5 k e V, H-X15 X 1 O'km" 2 

aF^JoMffilOKeV, F-Xi5X10 14 cm 

T£fc<*> u v if ?7 j fcio^ft^ncaWKft 

[0 0 4 0] 06 ( f ) -5 \z, is U 3 

>aftiS7 0nmlfl[*«Lft*, iBWtlTRI 
Eftff flia»*l«2 9ft^5^y-h 

[0 0 4 1 ] 07(g) tC^-TctptC, -f 

&A{z£vmmm<Dn+ifcm.mi i, P f stii8^ 

^>ftJ!3nSmEE4 5 k e V K-X13X 1 0'5cm- 2 g 
«Tfl"&i&tJ. p + J£iftJfl 8©»rtftfHi* B a F 2 
ftJPj§«j±3 5 k e V, K-X14 X 1 0 l5 cm- 2 g| 
T-f*>ttAT«. CMOSftMt^fc*. 'JV^7 

fflW*ft*r-&#tt«. 7-X/PW>"C»5n*, 
n-, p + , p-46«Ji(DJSttft7^-T^tt, S:Affl« 
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[0 0 4 2] LPCVD&CJ:UTEOSM 
fc«3 2££Sf;i3 5 OnmiS*llxfc» (07 

(h) ) , CMP (Chemical Mechanical Polishing ) 
ftfcffl^TTEOS*ifci3 2©If^?Mt§ 

(0 8 ( i ) ) o y'Ja>g«2 S&tfv 

[0 0 4 3] 08 (j) CSt^^C, 

[0 0 4 4] SSfc, 09 (k) tC^T^O^, CDE 
hX^5 1 >^S:fT^oTKft;l^2 

3 3 *»j«-r*. 

[0 0 4 5] UV^77^-^lfflLTNMO 
S, PMOS^t^HWJ^CGe^t>aA^fT 
NMOSBfTH J[Ii£«EEl 0 OKe VgAiSS£ 
R p = 6 0 n m&lTg^TG e -f ^>^^^fCttA 
ITS i -Gell 2^«n-i(a9T, XKSt 

KT^o — PMOSBBtt, Miifl:ffi4 5Ke V§A 
gg£R p =3 0nmHTiST?Ge^*>Sa6l:aA 

■r^ci^^ct?), mummzs \ -Ge^t^n 1 9 

&* v < * >aA*lT^ & t t©G e ©i* 
»g*U x 1 0 22 cm~3 (2 0 atoms*) SKil"***, 
tGeflD»J«ltftitJlPS-a:T'bA^. 
[0 0 4 6] fciS, 5lo?I0S<^S i ^**;UJf 1 3 <D 

0nmHTT»5^t««Jfil/K *fc. Si -Gel 
12, 19C0J¥£te, 3 0, 4 0 nmgSA^2, 3 /z 

l/X^gfn$it^)fc56(C^, Ge<0i|flJ5EJt**ftS*^ 
S i -Gel0Jf$c!:LT2 l 3 /imlSt^ £ i 

[0047] &^r\ y- hmmmms¥- vw&<Dte 

T) S*M«CCC0^(Cli6 0 O^KUiCO 

«fili««a^fc6, ^7^f7hf£^Ge(?)Seg 
r e g a t i on«tf> y— hBEE#*fp]±t*£<, 

sec *x8a*«»fb-r*&#K, y-H»»«tK:tt 

Ta 2 O s §1, Ti0 2 W(Ba ( S r ) T i 0 3 ft 



TiN, A K W, Ru^ffifflnlffitja: 

[0048] y- hienKty- nus*m©in 

y- Hi»ii+A h ieft-r*©*B&±'raA"j 7t* o , 
i$tt5-ionmm y— bm^mz 

jRzW/CVDSTig«SnfcT i N*/BHfc«<& 

[0 0 4 9] y— Mftft«l©»fiE»4^:©fflJcLTfT5. 
Ifil 0*B^BHll7^*JU*flHI*LS i 0 2 
■ SO. 2-0. 3nmg^Ml (S^iTT) , 5I# 
tt#7> : E— 7* X7>**ffl^TCVDffiTSINI 
SI. 2nmM*t»lS« (El^i±T) . &i5, 
1. 2nm0S iNI(?)8«ififtt0. 6 n mi 
ST^^ ^CD|j§m*«7. 5gSt*^ 0 El 
9(1) kL3St\k5K:, H^snT^S^S iNiil: 
CVDffi{Cct0Ta 2 0 5 «1 5ft5nml9[»*t 
Z> 0 5nmgg(0Ta 2 O 5 ll 5 CDg?{bJBIgl# 

-s. 2i©«t3fc-rntf, y-h»»iK/Ptttt<b«»ji£« 

J»T, 2nmHRS5. 

[0 0 5 0] *&, y-h«MOW©»fli*ft4:LT 
tt, lnmgS«fcS i0 2 i^ML, 
OT^jyiMttoTftl (6 0 0tttT) Ti§ 
ft (N 2 ^7X7gft) LTfectK SiNI^l. 4 
nm (ftftDlDIJrBt/PT 0 . 7nm) SflEJKfifcStt* 

S iO 2 ltt0. 3nmg|^^o f©_h(;CV 
DSt^J:0Ta 2 0 5 11 5 ^5nm (ttfbKHIffHIiP 
tlnm) ggr^tWl y-httftRVttKfcKHfc 

[0 0 5 1 ] &fcy— MSi:LWJ7/^;^*t) 

y- h««<o— atttsT i n@ i 6 ctA i y- 

17SW^ni0nm, 2 5 0 nmlS««l> CM 
PCiDXy^/ty^Sftt* (EI 1 0 (m) ) . Z. 

nx^^ju (ai/ti n) y- hojni^T-r^o 

[0 0 5 2 ] £©«tt»#©LS iBiB^n-fe^tBHIl 

ga^c^T;i/^ -^AIB^3 8^Mt^ (010 
(n) ) . 

[0 0 5 3 ] JL^Jt^Jc 3 NMO 

s, p mo s L/ 1 ^met% m&mm. M 

y- HWEECD^^;!/ (T i N) y— hCMOS h^>> J 
[0 0 5 4] [SB 2 £%ft»f£] **« 
C M O S F E T fcOliTRWtS. 
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[0 0 5 5] B11H *5S?B<Z)SB2*Jfi^»^«toS 
CMOSFET0K^^tlffi@Tfe§o Ell 

[0 0 5 6] Si*t#SSl0±©CMOSf ETC 
45t>T* y— HWKfc**;M*» (Al/TiN) 

S« 1 0 ©*ffi««±ffit S i - G e I 7 0 SJgjsS 
LTV^o NMOSCft^HlCl^S i -Gei7 0 
±K«J5Eanfc5lo»OS*S i ft*iH6 9£, P 
MOS0ft*Ml:HSi-GeI (BBBlfirtT) 7 

[0 0 5 7 ] ±E© C M O S F E T I 
fcCMOS FETOimfeXmzmi 2-1 2£ffl^TItt 
9J*T*o 812-1411 *5EW©*2**»t8Cffto 
5CMOSFET(OfiiIiS:StIg»ffi0T*5. 
XS*CK9i*fi ; fc'3a*, (08 (i) ) *Tttffl 

frttS. JfciEU **16»!iTtt, ^laili^ 
0, Sfi8ffi4BCSi-GeI7 0 (fc<h*«J»3 3 
0 nm) ^xh°^^>-^;l/^S^nfc^^#:v l Jri >S 
ffil 0£JB^Ttr>4. S i-Ge|70H TfcStSBS 
*T 8 0 0-9 0 O'CTT^-Jl/LTS i S«SM0Qg 

X £ ITS i H 4 , Si 2 H 6 , Si 3 H 8 *£, G 
e©V-^^iHGeF 4 , GeH 4 f^UTI 

[0 0 5 8] ST, 012 (a) 14, y*— y- hOv 

T\ Ell 2 (b) CDEHJ:otya- 
KZ)3BU>'U3>K2 4*»*L, y— hJSJS^ffi 

*SrfiJfflUTNMOSlB*0*HFC«kS^xy hXy 
^>ySrfr&oTRfl;B£2 3£K*3cU BttJLfcS i - 
Gel7 OOimmiCS i ^ib'^ytMS^t^ 
COXST, NMOSft^iHW> Si-Ge|7 
0±fc5l^3BDS*S i ft^iH6 9«Sti5. 
CKOi-SC NMOSft^l/I (3lo3ID^S i ? 
V*;WB) * PMOSft*MB (Si-Ge) ©f^0 

[0 0 5 9] ^^T. ^htV-X/HK>PI(I 
*7iry hrt^Ufc^iSK-f**:*, n-i£»JB2 7 
**§lo3BDiE*S i ft?4i6 9 +lcHjftLTV>* £ 

6 9 © n A S tlfc n - 7 1 £ 

^Fffitt K - hf > n§ £fltil!£ft-f £ - £ T»J* *JffiT 
n-KffiI7 1OTiUSSH lxio 

[0 0 6 0] i^T, PMOS85©SftK2 3feSSSL 



fc»> ^X7^7 hfeffi^G eCDSegregat io 
n*«»^*-r, y— MB£E*^±-rs. £ blC, »ll 
jWKSffrrs&a&K:. y- h«jRlKCttT a 2 O s ffig^ 
(Ba, Sr) T i 0 3 &£©iSK«tt^3fi»mWK 

;s-rs y- hmmmmmtfiRif 

[0 0 6 1 ] «^T, *l*»«JI4:ra«IC h« 
itLt;t'J7^^;l/T i N6 5^:7J^-^A6 6 £: 
tnfftlOnm, 2 5 0 nmiM**iU (Ell 3 

(c) ) , CMP(:cfcDX7^7^fi|ftn (Ell 
3 (d) ) o nnT:**;U (Al/Ti N) y- h<DJn 

[0 0 6 2] ::^h»8i:ft^«ROft»B 

(A 1 /T i N) y— hiStrained-S 
i^^Jf (NMOS) , Si-GeftWi (P 
MOS) feiH^'&to-B-fc^tfcJ: 0, NMOS, PMO 

iwt<ftot^§. ii#©s 

»<t5A^ ^^>37-^^^;i/-f^->aA^f ; T^:^^: 

^«jfi^«#i&*^**;USMOS F ET«I CftoX 

[0 0 6 3 ] ClCQ^tta^Wfijg^n-feAi^T. If 
BlfilliO^XTTEOS 3 7^CVD}:i;DM 

A3 8 *»j«-r5 (EI 1 4 (e) ) . 
[0 0 6 4] J^±(Oct«5H, *56B^^<tn«, NMO 
S, PMOSS^fi^lt^iSET\ iS^O/iS, iff 
y- hWEECO^^^ (T i N) y- hCMOS b?>i? 

[0065] cm 3 mmmm] mis ( a ) 

<£>§g 3 ^ll£»lBfc:«to* CMO S F E T©«jac**-r»r 
B5I3T&<5. SOlS«8O±0NMOS.FETHi3ti 
T, y— b««K:;**;MW (A 1 1 7/T i Nl 6) 
SfflWO^, SOlM8 0(t S i5ftSS8 1 
£, Si0 2 I8 2t, *«fiSII8 3i^ilSgn 
Tt^o ¥«ffiS i 18 3CD*ffi»C»4S i-Gef8 
4, 8 5, 8 6«^nT^a o Si-GeJ18 6C0 
iSC^it^ + ytM&:J:^TW^n, FET 
©3=-*^Hfctt*3lo»DS*S i ft*JH8 7 

[0 0 6 6 ] S6C**IIS«-C«r«W3tt^£H:, V— A 
M*&T<fe£S i-Ge!8 4<OGeiS^ ^*;Wg 

(31^36 OS* S i ft*;H8 7) TfflW)S i-Ge 
18 6^©Ge»flEJ:D*>*#V^tT*«» (^©J:3 



(8) 



«NfB8 2 000-243854 



£ v x $ \z mmm<D g e & y atf'W ;* >& a u t 

[0 0 6 7] ^^^;i/@TSPi:7-7.M^C0G 
^{fc^-t+SCtKiD. SO I »«TUf U^^ifr 

y >fJ:Dt>/hS<&0, ftWITSfflS i -Gel 
(V - XififlS) L fcJEfttfy - 7.«^5I * tfe^n 

[0068] 015 (b) S i - G e dCD A 

3 0%. ftWST^©S i -GeitfflGe»5 

i 5 %roi§-&. #i«©;oH^t7^nffto. 

8, 0. 9eVtftt), *ffi??jffi^mSrES±UOO^r 
^;HI(CS i -Ge^SrfflVi-5^<t*s-C^-5. 
[0 0 6 9] A*. *fS?Btt, ±E**»ffitcE5t$n 

sfcroTfi^u. w^.^ y— hmmt LT, TiN/ 

*>©t>fc<, $£«B«j§»::l!llJ££*lfc^. 
[0 0 7 0] *^BJ{J % ^cst$iaifiL6^ 

[0 0 7 1 ] 

-hmffi£&JBtt*4T«tJ&U lONMOSFETfflf 
t*;HOGefta*PMOS FETJ:Qi<t4it 
T. NMOSFET, PMOS FETS^*t^Lt^ 

mm&T\ &&mm. jsy-HEocMosFETS: 

[01] «l£;«#ffiK:«*J*CMOSFET©*jS* 
[0 2] *f5W*KWr4fc»G), y— 

[03] 02l;SLfcfffl$y-h|fttI^LTi& 
Lt«^OA*> b*«tj££^-f0<. 
[04] HZCSLfcttttty- h*ft»K£fl"LT&'& 

[0 5] Jg 1 mffiMmiZ%t)Z> CMO S F E T<DS5[jiX 

[0 6] gl$S»ffiC«fcSCMOSFET«)Bai 
@£7f:?-Xf§»rffi0. 

[07] mi*iS^t«to-5CMOSFETO©j§X 
S^^fieffffi0o 

[08)11 SIliCitiSCMOS F E T<D§Ji£X 



[0 9] iliWllCfbSCMOS FET©jSi§I 
fi*^1-xe8lr®0o 
[010] ^ 1 SSf liCifcS C MO S F E TCfiil 

xs^^-ri^ifH0o 

[011] i 2 CMO S F E 
Sr*-rSffS0. 

[012] S62£»J§MfeK«fc5CMOSFET<Z>«]i 
X*§£*TXfSI$frffi0,, 

[013] JB 2%KMl:ffit)% CMO S F E TO«I 

[014] «2S6i6}§M^C«fcaCMC>SFETCD«jfi 

[015] S5 3£*^»K:fM3*FET©«J«£jS-r0 
K.t£S i - G e @©K> ^flliSSSTB. 

[£Ht«!8BJ] 
1 0-S i £« 
1 1 -n* $£ffcJI 
1 2-S i -Gel 
1 3-3lo3IDM#-S i =?**)Vm 
1 4-S i o 2 iSfftJl 
1 5-Ta, O s B 
1 6-T i Nf 

i 7 -a i y-hmm 

1 9 -S i -G e =5-**)Vm 

2 

2 3-->Un>&fl:lgl 

2 4-#iJyij3>l 
2 5—>U3>^fcii 
2 6-->U3>tftl 
2 7-n-*fi*JB 
2 8-p-«tl 

2 9-->'Ja>^tP[ 

3 2-TEOSIttt 
3 3--^.P^ 

3 7-£2 0JHfH]il&JUK 

3 8-T)^s.=.'yAmm 

6 9---3lo3fiDS^S i ^*%.)Vm 
7 0-S i -Gel 

7 1 -n-&ffl.m 

8 0--SO I XW. 
8 1-SII, 

8 2-mmm 

8 i € 

84, 85, 8 6-S i-Gel 
8 7--3lo31<9M*S i =f-\*)\,m 
8 8-j|ffl«*llg 



(9) 



2000-243854 



CHI] 



mi 4] 



16TIN 
0 V V Pf" 




16TIN 



NMOS 
(Channel:3HMMJ£*Si) 



Evac 



TIN 



[0 2] 

5l^>Wm*Si Si-Ge 




n-Si 



4.21eV 



4.6eV 



039 



Ev 



4.0 



0.16 
Ec 



0.2 



<1.12 
-Ev 



S* 

4.05 



-Ec 



0.8 0.55 
Ev 



0.37 



1.12 



4.05 



4.9eV 



0.85 



4.1 eV 



-Ec 



1.12 



-Ev 



[El 5] 



23SiOa 



SiSub. 



(a) 



22 




-10 



25 



Poly SI 



"T 3 

23 



25 







-24 




2. 


Si 





25 



^22 

--10 



<b> 



-22 



26Si02J 




L24 




23 

Si 





22 



(10) 



Wffl 2000-243854 



[03] m4] 

NMOS PMOS 



(a) 



(b) 



(c) 




me] 




PMOS 
(a) 



PMOS 
(0 



(11) 



ftffl 2000-243854 



[0 7] 




(9) (h) 




(12) 



#12000-243854 





(13) 



¥tm 2000-243854 



[011] 



16HN 



16 TIN 



Si-Ge 



(source)^ 



n+ 
, (drain) 



11 



Si 



lo5&*J^*Si 
70 Si-Ge 



.10 





. (gate) v ' 






f Si-Ge 





NMOS 
(Channel:5I^UM*Si) 



5urcG) 



(drain) 



l 18 



Si 



PMOS 

<Channel:Si-Ge) 



10 



[Ell 2] 



71 rr ^ 29 ^ 2 
71rr[— 




NMOS 



NMOS 




'-22 



mi si 



81- 



17 16 



83{ (source) 
82 



86 

region «3 



to*/ 



15Ta20 5 



(drain)" 



87 
85 

> 80 SOI 



J 



Ge concentration 
(a) 



electron 





F^-A 5F040 DA06 DA19 DB03 DC01 EB12 

EC01 EC04 ED01 ED03 EE05 

EF09 EK05 FA02 FA07 FB05 
FC05 

5F048 AA07 AC03 BA16 BB04 BB09 

BB11 BB12 BB14 BC15 BDOO 

BD04 BG13 DA27 

5F110 AA08 AA12 AA15 CC02 DD05 

DD13 EE02 EE03 EE14 EE32 

EE42 FF01 FF03 FF09 GG02 

GG03 GG06 GG12 GG32 GG42 

GG52 HJOl HJ13 HK09 HKIO 

HL03 NN62 



